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A B S T R A C T
Climate-smart agriculture (CSA) is widely promoted as an approach for reorienting agricultural development
under the realities of climate change. Prioritising research-for-development activities is crucial, given the need to
utilise scarce resources as effectively as possible. However, no framework exists for assessing and comparing
different CSA research investments. Several aspects make it challenging to prioritise CSA research, including its
multi-dimensional nature (productivity, adaptation and mitigation), the uncertainty surrounding many climate
impacts, and the scale and temporal dependencies that may affect the benefits and costs of CSA adoption. Here
we propose a framework for prioritising agricultural research investments across scales and review different
approaches to setting priorities among agricultural research projects. Many priority-setting case studies address
the short- to medium-term and at relatively local scales. We suggest that a mix of actions that span spatial and
temporal time scales is needed to be adaptive to a changing climate, address immediate problems and create
enabling conditions for enduring change.
1. Introduction
By 2050, agricultural production will need to increase substantially
to feed growing and urbanising populations, particularly in sub-
Saharan Africa (SSA) and South Asia.Estimates of the increase needed
vary between 25 and 70%, depending on the assumptions made about
efficiency and consumption pattern changes (Alexandratos and
Bruinsma, 2012; Hunter et al., 2017). Increased food production will
have to be done in the face of a changing climate and increased climate
variability (Porter et al., 2014), while improving nutritional outcomes
and reducing the carbon cost of farming and its contribution to
greenhouse gas emissions (Tubiello et al., 2015). This cannot be
achieved simply by farming at lower intensity and taking more land;
there is not enough land to convert at acceptable economic and en-
vironmental cost (Lambin et al., 2013; Tscharntke et al., 2012; Karlsson
et al., 2017; Keating et al., 2014; Searchinger et al., 2015).
One response to these recognised needs has been the development of
approaches such as sustainable intensification (SI) (Garnett et al., 2013;
Montpellier Panel, 2013) and climate-smart agriculture (CSA) (Lipper
et al., 2014). Such approaches have brought recognition that there will
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be multiple alternative pathways to sustainable agricultural systems, and
their suitability and outcomes will vary, depending on agro-ecological
zone, farming system, resource endowment, cultural preferences, in-
stitutions and policies. Another response has been to seek better under-
standing of the current and likely future structure of farming. Currently,
30% of most food commodities in Africa and Asia are produced on farms
of<2 ha, and 60–75% is produced on farms of<20 ha (Herrero et al.,
2017; Ricciardi et al., 2018). Industrialisation of agriculture will accel-
erate in some places, but in others, smallholders' contributions will re-
main critical, at least in the short to medium term.Although widespread
intensification of production is urgently needed in SSA and elsewhere
over the next 20 years, smallholders will still form the key target group
for agricultural research for development (Masters et al., 2013).
How well are smallholders in lower-income countries adapting to the
many challenges they face?Agricultural research for development has
resulted in many different interventions over the last decades. A recent
analysis of case studies across the tropics shows that only 16% of
households have been actively intensifying their production in the last
10–15 years (Thornton et al., 2018a). There are many constraints facing
smallholders regarding adoption of agricultural technology; so how are
interventions to be taken to the scale needed if food and nutrition security
is to be achieved? Given what is known about the importance of local
context in smallholder systems, which interventions should be the focus?
This highlights the need for prioritising different interventions, whether
technical or policy-related, based on impact assessment (Raitzer, 2009).
Such studies can provide information to assist in the allocation of scarce
resources to research and scaling-up activities that best match funders'
and governments' development objectives. This is increasingly important
as many countries seek finance to implement their prioritised nationally
determined contributions (NDCs) to achieve mitigation, adaptation and
land degradation neutrality (LDN) targets as well as the Sustainable De-
velopment Goals (UN, 2015; Richards et al., 2015; Orr et al., 2017).
Here we consider prioritisation of research interventions in relation
to CSA. While there is a growing literature on CSA prioritisation, with a
wide array of different approaches and methods, we currently lack a
flexible framework for assessing and comparing different interventions
and investments that addresses the key elements of CSA.Here we pro-
pose such a framework. In the next section, CSA is outlined, describing
some of its features that make prioritisation a challenge. Section 3 lays
out a suggested framework for doing this in relation to CSA, and its use
is illustrated in Section 5 based on a brief review of existing tools and
methods for priority setting in agriculture and some case-study ex-
amples. We conclude with a consideration of remaining challenges.
2. Climate smart agriculture
CSA is an approach for transforming and reorienting agricultural
development under the realities of climate change (Lipper et al., 2014).
Its goal is to achieve sustainable agricultural development for food se-
curity via three “pillars”:
• Sustainably increasing agricultural productivity from crops, livestock
and fish, to contribute to achieving food and nutritional security as
well as higher incomes, but not at the expense of the environment;• Adapting to climate change, with a focus on reducing exposure to
short-term risks, enhancing capacity to adapt and develop in the
face of shocks and longer-term stresses, and maintaining healthy
ecosystems that provide environmental services to farmers;• Reducing and/or removing greenhouse gas emissions where pos-
sible, including through reduced emissions for each kg of food, fibre
and fuel produced, avoiding deforestation from agriculture, and
managing soils and trees in ways that enhance their potential as
carbon sinks, thereby absorbing CO2 from the atmosphere.
In some situations, CSA may produce triple-win outcomes: increased
productivity in combination with reduced impacts to climate risks and
shocks, and mitigation of climate change through reduced GHG emis-
sions. Often, however, implementing CSA will involve addressing trade-
offs between the three pillars and weighing the costs and benefits of
different options based on stakeholders' objectives. Furthermore, CSA is
context specific and although some interventions may be climate-smart in
some places there are no interventions that are applicable to all situa-
tions, in all ecosystems, and in all sets of different institutional arrange-
ments and political realities. But CSA is more than a set of practices or
technologies; it is rather an approach for integrating multiple interven-
tions across a range of food systems, landscapes, value chains and gov-
ernment regulation or policy (Lipper et al., 2014). The range of CSA in-
terventions is wide, from soil, water management to carbon finance and
incentive systems for low-carbon agriculture, for example (FAO, 2013).
Its entry points range from the development of technologies and practices
to the elaboration of climate change models and scenarios, information
technologies, insurance schemes, and processes to strengthen the in-
stitutional and political enabling environment, particularly for margin-
alized groups. The breadth of possibilities and the context-specificity of
much smallholder agriculture underline the importance of the role of
priority setting in resource-constrained research settings.
The CSA approach has gained considerable traction in recent years,
but it has been heavily contested, particularly with respect to social
equity. There are concerns that CSA may transfer the burden of re-
sponsibility for climate change mitigation to marginalized producers
and resource managers, and that CSA gives little attention to en-
trenched power relations that may block the emergence of more equi-
table agricultural systems (Karlsson et al., 2017). At the same time,
support for CSA has come from many countries, particularly in Africa,
that include agricultural adaptation and mention of CSA in their na-
tionally determined contributions in the wake of the Paris Agreement
(Richards et al., 2015). The inclusion of equity considerations in CSA
remains a work in progress, but research is now emerging on the pol-
itics and governance of adaptation and the transformations that will be
needed in farming systems in the future (Chandra et al., 2017; Purdon
and Thornton, 2017).
3. A framework for CSA prioritisation
In this section, we propose a conceptual framework for the prior-
itisation of CSA research. The framework was developed in a workshop
setting, informed in part by case studies developed by some of the par-
ticipants (see Section 5.2 below). Before presenting the framework, we
list some of the special challenges that CSA prioritisation can present.
3.1. Special challenges of CSA
CSA presents special challenges to priority setting, including the
following.First, what is “climate smart” in relation to practices, tech-
nologies, and policies is heavily influenced by local context (Duong
et al., 2016; Wreford et al., 2017). Smallholder farming systems are
highly heterogeneous even over short distances, both biophysically and
socio-economically. Second, climate smartness needs to be assessed in
relation to three dimensions (productivity, adaptation and mitigation).
Priority setting thus needs to address these different dimensions using
what may be multiple metrics, so that resulting trade-offs and synergies
can be evaluated (Bell et al., 2018). In addition, the importance placed
on each dimension by different stakeholders is strongly dependent on
context and objectives. Third, the size and nature of the benefits and
dis-benefits that arise from CSA adoption may have both scale and
temporal dependencies (McCarthy et al., 2018). Scale dependence may
arise in relation to the aggregated regional impacts of the adoption of
an intervention on production and prices, such as seasonal weather
forecast. Temporal dependence may arise owing to the dynamic inter-
relationship between the three pillars of CSA through time; for instance,
interventions that build up soil organic matter may translate into sub-
stantial production, carbon sequestration, adaptation and income
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benefits several years into the future, but at the cost of income foregone
in the short term. Fourth, the impact pathways for CSA interventions
can span a broad range of decision makers, from individual farmers and
value-chain participants, to regional and national governments and
organizations, and ultimately to the full set of international actors en-
gaged in negotiating collective action to combat climate change (Lipper
et al., 2014).The challenge here is dealing with the multiple and
sometime competing objectives of all the relevant stakeholders. Fifth,
temporal variability may be high in agricultural systems and trajec-
tories of climate change locally uncertain (Porter et al., 2014). CSA
outcomes related to productivity, adaptation and mitigation may be
heavily dependent on this variability and uncertainty. All these factors
may present challenges to the way in which the effects of different al-
ternatives on livelihoods, markets, economies and the environment are
conceptualised and evaluated.
3.2. A conceptual framework
Here we outline a conceptual framework for prioritising different
CSA research activities, to assist in making decisions about the alloca-
tion of research and implementation resources. A workshop-based
participatory process involving the authors was used to identify six
elements in the framework, illustrated in Fig. 1.We include feedbacks
between the different elements to highlight the fact that priority-setting
processes are generally non-linear and iterative. Above all, Fig. 1 pre-
sents a general “map” of the elements that need to be taken into account
in prioritising CSA research at different spatial and temporal scales,
along with the major questions to be addressed for each element. The
six elements in the framework are outlined below.
3.2.1. Identify system entry points and impact pathways
All research activity should be planned based on a clear understanding
of the problem being addressed and the way in which research may be
able to contribute to finding a solution. Achieving consensus among the
stakeholders involved may be greatly facilitated using participatory di-
agnosis as part of community baselining (Goudou et al., 2012) or through
scenario-based approaches (Zougmoré et al., 2017), for example. Entry
points for intervention in the system then need to be identified, along with
the hypotheses and assumptions regarding the way in which research
inputs, activities and outputs can lead to outcomes (behavioural change)
and thence to impacts. Appropriate entry points may relate to specific
challenges of nutrient depletion or inadequate water supply in cropping
systems, for example. They may also relate to challenges beyond the farm
gate regarding markets, value chains and governance, for example. The
planning of agricultural research is well-documented (e.g., Gijsbers et al.,
2001), with increasing attention being given to program theory (and
theory of change) as a way to make it more effective and efficient in terms
of contributing towards longer-term development goals (Vogel, 2012).
Approaches based on theory of change, or the ways in which change is
expected to occur from research output to outcome and impact, combine
ways of tracking progress in research along with indicators of change
aimed at understanding the factors that enable or inhibit the behavioural
changes that can bring about development impacts. Setting out explicitly
what these impact (or causal) pathways might be at the start of a research
activity provides testable hypotheses about how research outputs may
help to foster change, thereby helping to bridge the gap between
knowledge generation and development outcomes (Douthwaite et al.,
2003). Dealing with this element of the framework highlights the need for
monitoring and evaluating the progress of the research itself, so that if
early piloting of an intervention fails, for example, the theory of change
can be adjusted and activities modified appropriately.
3.2.2. Define the spatial and temporal scales of the research
Specific research activities have different spatial and time scale
dimensions.For example, a varietal improvement intervention may op-
erate by utilising current crop varieties based on refined
recommendations that can deliver a specific adaptation needed in a
particular place. In such a case, the time scale is short and the spatial
scale is relatively local.Activities in “Climate Smart Villages” provide an
example, involving applied research around knowledge and local in-
stitutions, climate services, climate smart technology and village devel-
opment plans. Some activities might be focused on implementation and
attempting to scale out interventions across space (Aggarwal et al.,
2018). Alternatively, other breeding investments may be much larger-
scale and longer-term, such as a breeding program designed to develop
new varieties with complex adaptation traits. An example is the devel-
opment of drought tolerance in common bean, which has taken>30
years of effort and may have very wide applicability (Beebe et al., 2013).
A key part in defining the scale of the research activity relates to the costs
required for the research itself and deploying the research outputs, and
the adoption expected, such as the percentage of farms adopting in a
village, landscape or region. This stage in the process will also involve a
consideration of the scaling strategy to be used, if deployment is to
happen over large areas, as there may be considerable costs involved.
3.2.3. Which research questions, and how will they be addressed
For this element of the framework, questions are asked about the
nature of the work being planned, and whether research outputs are
feasible, in the light of the spatial and temporal scale of the research
activity proposed. The work may relate to the evaluation of existing
technology in different locations or to more upstream research
Fig. 1. Elements in the CSA priority setting framework and the questions to be
addressed.
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activities where the research outputs are uncertain. One important
question may relate to the likely conditions in future that may need to
be adapted to, such as weather patterns characterised by more extreme
drought and more frequent high-temperature events, for example.This
may involve assessing whether the research proposed fits within the
bounds of theoretical possibility; for example, the climate expected in
future in the research location may be above the thresholds of high-
frequency, high-temperature events that induce crop sterility. The
practical viability of the research will also need to be assessed; for ex-
ample, whether the research proposed is practicable given the state of
current knowledge and the research's likely levels of resourcing. Such
considerations are needed to estimate the probability of success in
producing the research outputs envisaged, which may be quite high for
applied research activities (and lower for more uncertain, upstream
research).
3.2.4. Estimate production, adaptation, mitigation research impacts
In this part of the framework, estimates have to be made as to the
likely effects that the proposed research may have on the CSA
pillars.Different metrics will be needed to describe the “climate
smartness” of the research products. This includes estimates of the
likely changes in productivity such as more yield and income (P), me-
trics that describe elements of adaptation such as a decrease in the
variability of yield and income (A), and metrics addressing mitigation
such as marginal or absolute changes in GHG emissions or changes in
GHG intensities per kg product (M).The literature around such in-
dicators is already quite extensive (Hills et al., 2015; Braimoh et al.,
2016; FAO, 2017; Chaudhary et al., 2018), and there are many from
which to choose. Depending on the priority-setting tools being used,
some of these metrics may be expressed as probability distributions of
outputs such as yield, income and GHG emission intensities, particu-
larly in situations where the analysis is addressing risk and its influence
on stakeholders' behaviour.
3.2.5. Estimate other environmental and social impacts
As usually conceived, CSA does not explicitly address certain en-
vironmental and social dimensions of interventions that may be im-
portant to address. These include metrics for environmental changes
that may be brought about by the intervention, such as biodiversity,
water quality and air quality (E); and metrics for social changes such as
gender and income equity (S). This category may also include metrics
related to the economics of interventions at different scales, including
returns on investment to government or private sector programs, and
gross margins for smallholders, for example. Another element to con-
sider are the changes in these metrics at different scales and the in-
vestments and actions that may be needed to bring about the scaling up
required to reach the adoption targets identified above. For example,
farm ponds may need massive investment, while micro-dosing of fer-
tilizers may need very little. Some research activities involve bundles of
different CSA options; in these cases, changes in some of the metrics
through time may need to be estimated and activities sequenced ap-
propriately.
3.2.6. What will be needed to go from research output to impact
Here, the likelihood of achieving outcomes and impact has to be
estimated in relation to the scale of the research activity. This like-
lihood may be highly context specific and will depend on the scale of
impact along the impact pathway, such as household income effects
compared with national food security impacts, for instance. This also
requires a consideration of the factors that can enable change. For ex-
ample, in places where maize is well established as a crop, the swapping
of one variety for another may be relatively straightforward, although
there are often important nuances around texture, consistency and
taste. Other enablers such as conducive policies, informational re-
quirements, and markets will need to be considered, and all these can
affect the likelihood of reaching adoption targets and achieving impact.
Activities designed to facilitate uptake may have costs that need to be
considered. As noted above in relation to element 1, if the impact
pathway originally envisaged no longer appears to be appropriate, the
theory of change may need to be adjusted, a modified impact pathway
developed, and activities adjusted accordingly.
4. Setting priorities
In this section we discuss use of the framework presented above. We
first outline existing tools and methods that in the past have been used
to set priorities in agricultural research, and then we relate these to the
six elements of the framework in Fig. 1.
4.1. Approaches supporting priority setting in agricultural research
In reviewing existing approaches to priority setting in agricultural
research, a workshop-based participatory process was set up to identify
examples from the literature that were representative of a wide range of
different approaches. Participants (including the authors) had a broad
range of expertise, including plant breeding, economics, policy and
ecology, as well as experience working at spatial scales ranging from
the plot level to global-scale analysis. In this way we could reduce bias
towards specific methods at the same time as having a broad coverage
of approaches. Although it is difficult to categorize published work
owing to significant methodological overlaps, Table 1 presents nine
major approaches currently used for priority setting, some of their ad-
vantages and disadvantages, and examples of each from the literature.
It should be noted that in all cases, these tools and approaches may be
used for a whole range of different purposes, not just priority setting.
The approaches identified vary widely in complexity, as well as in the
type and nature of information required for their use.No one approach
will suit all contexts or interventions. Most methods have already been
used for assessments of productivity, adaptation or mitigation effects in
agriculture, sometimes all three together. They all have one char-
acteristic in common: many variables and dimensions can be included
and weighted according to the context or question being addressed.
4.1.1. Simulation modelling
The types of simulation models applied to understanding the im-
pacts of various CSA interventions are generally flexible frameworks
which can consider numerous factors of the given production system
including the effects of varying biological, technical and physical pro-
cesses. These models have been used to investigate agricultural pro-
duction at various levels of research, including crop, livestock, and
farming system level. In contrast to statistical methods such as econo-
metrics, dynamic simulation models can describe the changes in sys-
tems states in response to external environmental drivers (e.g., weather
and management practices), and how those changes are affected by
other components in the system (Jones et al., 2017). Examples of dy-
namic models include APSIM (Holzworth et al., 2014), DSSAT
(Hoogenboom et al., 2017), CROPSYST (Stöckle et al., 2014), and EPIC
(Williams et al., 1989). Models are typically highly complex, containing
many descriptive variables and parameters. Reduced-form models of
larger more complex models have been used in the past for specific
purposes (see, for example, Chikowo et al., 2008; Dzotsi et al., 2013).
This approach is particularly useful when integrating agronomic or li-
vestock models in a broader agricultural systems framework such as
economic analyses at farm, regional, national, or global scales (Lisson
et al., 2010). Recent years have seen several international collaborative
efforts to improve the state of agricultural simulation and to understand
climate impacts on the agricultural sector at global and regional scales
(Rosenzweig et al., 2014).Whole farm modelling approaches that
combine both biophysical and economic elements have gained more
relevance in the recent times (Robertson et al., 2012). These models
have been used to prioritise alternative crop-livestock enterprise sys-
tems, to capture management differences, risk and resource trade-offs
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Table 1
Existing tools and approaches that can be used for setting priorities among agricultural technologies.
Approach Pros Cons Examples/key references
Simulation modellinga * Efficiently assessing spatio-temporal
variability.
* Allows comparison across different
contexts
* Allows exploration of a wide range of
scenarios
* Complexity and uncertainty can be high,
precluding decisions
* Calibration and validation are challenging
* High data intensity
* Assessing adaptation strategies in Kenya
(Claessens et al., 2012)
* Prioritisation of agronomic practices in north-
eastern India (Shirsath et al., 2017)
* Assessing the value of 19 agricultural
technologies under climate change globally
(Rosegrant et al., 2014)
Mathematical
Programming/
Optimization methods
* Consideration of multiple system
objectives
* Flexibility in defining system's objectives
* Data intensive, time consuming, difficulty of
eliciting household objectives and representing
them appropriately (Thornton et al., 2003)
* Difficult to address hypothetical situations, other
contexts or scenarios.
* Multi-objective optimization and design of
farming systems (FarmDESIGN, Groot et al., 2012)
* Identification of optimum management
adaptations in Western Switzerland (Holzkämper
et al. 2015)
* Developing water resources plans under climate
change (Borgomeo et al., 2016)
* Bio-economic evaluation of dairy farm
management scenarios using integrated simulation
and multiple-criteria models (Herrero et al., 1999)
Cost-benefit analysis * Applicable in different contexts
* Low data intensity
* Difficult to capture all benefits and costs (e.g.
bank account or insurance aspect of cattle)
* Difficult to include multiple criteria or system's
objectives (e.g. poverty, nutritional outcomes)
* Assessment of climate policy (van den Bergh,
2004)
* Cost-benefit analysis for climate change and
climate variability adaptation (Leary, 1999)
* Cost-benefit analysis for CSA technologies in
Telangana, India (Kumar et al., 2018)
Economic surplus * Requires less information than other (i.e.
econometric, optimization) models.
* Widely used to estimate impact of
agricultural technologies
* Required information on price responsiveness of
consumers and producers often not available.
* Difficult to incorporate non-marketed benefits
and hidden costs
* Difficult to include non-economic outcomes (e.g.
poverty, nutrition).
* Measuring the returns on research on African
animal trypanosomiasis (Kristjanson et al., 1999)
* The impact of high-end climate change on
agricultural welfare (Stevanovic et al., 2016)
* Economic impacts of improved pigeonpea
varieties in Tanzania (Shiferaw et al., 2008)
* Study of the impact of EMBRAPA technologies
(Wander et al., 2004)
Econometrics * Allows estimating direct impacts at
multiple levels (farmer, county or state)
* Allows statistical testing of economic
theory
* Limited ability to extrapolate responses outside
estimation sample (Antle and Capalbo, 2001)
* Restrictive assumptions associated with choice of
functional form (work on flexible technology
representations, Carter, 1984)
* Data intensive: requires detailed survey data
* Global warming impacts on US agriculture
(Schlenker et al., 2006)
* Ricardian analysis of the impact of global
warming on agriculture (Mendelsohn et al., 1994)
* Economic-process models for integrated
assessment of agricultural production systems
(Antle and Capalbo, 2001).
Participatory/rankinga * Incorporates expert and stakeholder
views, often reflective of realities in the
field
* Flexibility to incorporate multiple
variables and systems' objectives
* Various existing examples in CSA research
* Many methods exist, with varying degrees
of complexity and ease of implementation
* Linkable to other approaches (e.g.
modelling)
* Difficult to compare across different groups of
experts or contexts
* Difficulty in relating expert-based scores to
measurable variables
* There can be considerable variation across experts
or communities
* Subject to bias if groups are dominated by certain
individuals (e.g. women left out) or if stakeholders
deliberately mislead organizers (i.e. tell organizers
‘what they want to hear’)
* Participatory monitoring and impact assessment
in agriculture (Guijt, 1998)
* Comparative analysis of eight CSA technologies in
Guatemala (Sain et al., 2017)
* Participatory evaluation of CSA technologies,
practices and services in Rajasthan (India) (Khatri-
Chhetri et al., 2017)
* Rapid appraisal to prioritise CSA interventions in
Uganda and Tanzania (Hareau et al., 2014;
Mwongera et al., 2017)
* Participatory ranking of CSA technologies in
Telangana, India (Kumar et al., 2018)
Meta-analysis/systematic
reviewa
* Can include multiple sources of
potentially disparate (e.g. experimental,
model-based) evidence, seeking consensus
among these
* Can combine multiple indicators into
aggregated dimensions, hence useful for
CSA
* Systematic review can include adoption
rates of practices and factor this into
analysis
* Difficult to draw generalized conclusions or reach
consensus when context-specificity is high or
evidence is limited
* Time consuming if the systematic review is too
long and complex (many variables, many studies)
* Difficult to draw conclusions on underlying
processes
* Global meta-analysis of crop yield under climate
change and adaptation for rice, wheat and maize
(Challinor et al., 2014)
* Systematic review protocol for climate-smart
agriculture (Rosenstock et al., 2016)
* Prioritisation and potential impact of climate-
smart agriculture practices in Tanzania and Uganda
(Lamanna et al., 2016)
Spatial analysis/GIS/
Remote sensinga
* Allows delineation of target zones or
recommendation domains
* Simplicity
* Dependent on good spatial datasets
* Often difficult to include socio-economic aspects
at high resolution
* Difficult to incorporate systems dynamics, or to
assess mixed systems
* Identifying recommendation domains for maize-
based interventions in East Africa (Notenbaert
et al., 2013)
* Development domains for Ethiopia (Chamberlin
et al., 2006)
* Prioritisation of climate-smart interventions in
the livestock sector in sub-Saharan Africa
(Notenbaert et al., 2017)
* Characterization of areas for improving
agriculture-based livelihoods (Farrow et al., 2007)
* Recommendation domains for conservation
agriculture in Ethiopia, Kenya and Malawi (Tesfaye
et al., 2015)
(continued on next page)
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between scenarios reflecting crop, feed, livestock, labour and economic
outcomes (Lisson et al., 2010; Komarek et al., 2015). With dynamic
linkages among crop, livestock and socio-economic components, these
models are a valuable tool to assess the impacts of climate smart in-
terventions on resource use and household cash flows and help exten-
sion agents and farmers as decision support (Kumar et al., 2017). Si-
mulation modelling, although widely used, is often complex and the
uncertainty associated with the results may be considerable.
4.1.2. Mathematical programming and optimization methods
Agricultural systems modelling has evolved in line with several key
events that drove the development and use of these models across
several disciplines (Jones et al., 2017). Heady and Dillon (1960) were
instrumental in establishing the application of optimisation techniques
to estimate the economic benefit associated with rural development
policy. Historically, optimisation models have used a linear program-
ming framework to mathematically obtain the best solution for the
problems in the systems of interest given an objective function such as
input minimization or output maximization at the farm or household
level. These models are generally developed for specific situations and
are therefore less suited to studying consequences of a range of hy-
pothetical investigations although methods have been developed using
more flexible specifications than traditional linear constraints such as
positive mathematical programming techniques (Howitt, 1995;
Louhichi and Paloma, 2014).A recent example of the use of mathema-
tical programming in prioritising CSA interventions is described in
Dunnett et al. (2018). Such approaches to prioritising research alter-
natives tend to be data intensive, complex and time consuming.
4.1.3. Cost-benefit analysis
Cost Benefit Analysis (CBA) is an economic tool that can be used to
assess the relative profitability of alternative investments comparing
their different flows of costs and benefits over a specific time period.
Many studies have employed CBA approaches to CSA prioritisation (for
example, Sain et al., 2017; Nganga et al., 2017). In the context of CSA, a
key strength of CBA lies in determining trade-offs between different
adaptation options, thus playing an important role in justifying the case
for a particular action, and for prioritising available resources to max-
imize social, environmental and economic benefits. However, the ap-
plication of CBA in CSA prioritisation can be challenging. This is be-
cause CBA requires all costs and benefits to be expressed in monetary
units; and it is difficult to attach monetary values to non-market social
and environmental goods and services (Almansa and Martínez-Paz,
2011). CBA approaches have also been limited by conceptual difficul-
ties in discounting future costs and benefits and integration of risk and
uncertainty (Salci and Jenkins, 2016).
4.1.4. Economic surplus
Economic surplus methods have been used widely to assess the
economic impacts of new agricultural technology, both ex-ante (e.g.,
Kristjanson et al., 1999; Rudi et al., 2010) and ex-post (e.g., Elbasha
et al., 1999; Moussa et al., 2011), as well as for priority setting (You and
Johnson, 2010). These methods are based on the premise that tech-
nology or policy shifts will affect the supply of the commodity being
produced, which changes its price. Economic surplus methods quantify
these shifts and estimate the impact that change has for both the pro-
ducers of the commodity and consumers. Technical change may reduce
production costs for farmers and increase production per unit of input
cost. Consumers benefit because the commodity price has decreased.
Farmers may be better off, if the quantity they are selling has increased,
despite the decrease in the price they receive from the market per unit
of production. The total economic benefit arising from the technology
or policy change is usually partitioned between benefits to consumers
and benefits to producers. The distribution of the benefits depends on
the elasticities of the supply and demand curves and on the size and
nature of the supply shift.Many extensions can be incorporated within
the economic surplus framework, such as multiple markets for a single
commodity, multiple commodities, and shifts in the demand curve
because of quality changes (Alston et al., 1995). While economic sur-
plus methods are relatively straightforward from a conceptual point of
view, a problem with the approach from a practical standpoint is that
the effort needed to collect, process and analyse the technical and
economic data required is not trivial.
4.1.5. Econometric methods
Econometric methods involve the use of mathematics and statistics
to represent an economic system, such as a farming household. Both
single-equation and simultaneous system models that represent input
demand and output supply behaviour have been developed in the lit-
erature, along with both static and dynamic models. Early studies
looked at single crop production functions estimated directly from data
on the physical quantities of inputs and outputs observed from ex-
perimental plots.As econometric methods developed, multi-crop pro-
duction studies were undertaken, drawing on data from more com-
prehensive farm production surveys. Most studies specify a quadratic or
Cobb Douglas form for the production functions, which place restrictive
assumptions on the production technology. Later work has emphasized
various more flexible technology representations (Carter, 1984).
Econometric models have also been limited in their ability to extra-
polate results on biophysical processes and economic conditions outside
the sample of observable behaviour. Antle and Capalbo (2001) high-
lighted these limitations whilst developing economic simulation models
that combine econometric and other disciplinary simulation models.
This framework allows outputs such as crop yields from process-based
crop growth models to be used to both estimate and subsequently si-
mulate econometric production models using site-specific data.Such an
approach was used by Claessens et al. (2012) to evaluate and prioritise
different alternatives of sweet-potato utilisation in farming systems in
western Kenya, for example.
4.1.6. Participatory and ranking methods
Participatory methods have also been applied to CSA prioritisation
(e.g. Mwongera et al., 2017; Sain et al., 2017). Many different im-
plementations exist, but they all have a common thread: they enable
Table 1 (continued)
Approach Pros Cons Examples/key references
Integrated assessment
modelling
* Allows integration of a suite of different
models to evaluate synergies and trade-offs
* Can provide outputs in several dimensions
relating to land-use, commodity prices, and
environmental and health impacts, for
example
* Complex and skill- and time-consuming to carry
out
* Conceptual difficulty of model validation and
calibration
* Uncertainty bounds on model outputs are often
unknown; when known (e.g. Nelson et al., 2014)
they may be very large
* Assessing the impacts on production and GHG
emissions of shifts from livestock only to mixed
drop-livestock farming systems (Havlík et al.,
2014)
* Evaluating the adaptation costs and mitigation
benefits of livestock systems shifts (Weindl et al.,
2015)
* Evaluating different research strategies for CGIAR
commodities (Rosegrant et al., 2017)
a Existing studies have used the method for the prioritisation of climate-smart agriculture practices.
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people to play an active role and to influence the results obtained, or
the decisions made, thus factoring their opinions, views and visions into
the research outputs (Guijt, 1998). Participatory assessments are flex-
ible with respect to how many and which variables are included, as well
as with respect to the number of stakeholders involved. For instance,
Mwongera et al. (2017) gathered both qualitative and quantitative data
from farmers, local leaders, researchers, local-level agricultural experts,
private sector actors, donor organizations, and policy implementers, to
assess vulnerability, prioritise CSA interventions, and assess constraints
to such interventions.In their study of two farming systems in Uganda
and Tanzania, Mwongera et al. (2017) triangulated data from multiple
sources to validate research findings for discussion in the case-study
communities.While flexibility and ease of implementation are major
advantages of participatory methods, their major caveat is the difficulty
to compare assessments that have been conducted across different
groups of experts, in different contexts, or at different times. Care is also
needed in such approaches to address adequately issues that may arise
in relation to representativeness and power dynamics (Barnaud and Van
Paassen, 2013).
4.1.7. Meta-analysis and systematic reviews
Meta-analysis, or ‘the analysis of analyses’, focuses on gathering and
reconciling existing evidence for the problem of interest, particularly
when the problem is complex or the research environment is difficult to
control (Wolf, 1984; Brockwell and Gordon, 2001). The complexity
embedded in the concept of CSA and the rapid expansion of literature
on climate change impacts, adaptation and mitigation, make meta-
analysis a useful alternative to more classical approaches to assessments
of agricultural technologies (e.g. Kristjanson et al., 1999; Shiferaw
et al., 2008). In a meta-analysis, a systematic review of published stu-
dies is conducted, followed by a data gathering process from the
identified studies (i.e., the meta-data, or primary analysis results); fi-
nally, statistical methods (e.g., mixed-effects models, Monte-Carlo si-
mulation) are applied to draw general conclusions based on the meta-
data. Data gathering can target any variable of interest, focus on peer-
reviewed and/or grey literature sources, can be done for a long period
of time or large geographic area, and can focus on model- or observa-
tion-based studies. If a sufficiently large number of studies is available,
the analysis can be done by ‘strata’ (e.g., country, agro-ecological zones,
farming systems). For instance, Challinor et al. (2014) compiled>
1700 published maize, wheat and rice crop simulations across the
globe to draw generalized conclusions on the impacts of climate change
on these crops in tropical and temperate regions. To the best of our
knowledge only one application exists for CSA research that uses meta-
analysis to estimate the impact of different CSA technologies and
prioritise among them. Lamanna et al. (2016) reviewed and system-
atized 6342 observations from 175 studies on CSA practices in Uganda
and Tanzania for maize and bananas. The analysis included the three
CSA pillars (productivity, adaptation and mitigation) and concluded
that CSA is possible in these two countries, though reported adoption
rates strongly condition the potential impact of practices at scale. Other
examples of meta-analysis have focussed on single technologies such as
conservation agriculture (Corbeels et al., 2014; Rusinamhodzi et al.,
2011).
4.1.8. Methods using spatial analysis and remote sensing
The rapid development of GIS, remote sensing and spatial analysis
over the last decades has resulted in a range of good quality global and
regional datasets that are now readily available from various sources
(e.g., Monfreda et al., 2008; Herrero et al., 2013). This is especially true
for bio-physical data, while slower progress is made with the avail-
ability of socio-economic data (Notenbaert et al., 2017). GIS technology
and these datasets have facilitated the construction of recommendation
domains (RDs) which correspond to the delineation of geographical
locations with a specific combination of bio-physical and socio-eco-
nomic factors which can form the basis for priority setting and out-
scaling of research findings, and hence facilitate the targeting of agri-
cultural research and development efforts (Notenbaert et al., 2013).
Generally, there are two different approaches for combining geo-
graphical data layers into RDs: similarity analysis and threshold-based
approaches. Similarity analysis makes use of spatially explicit ob-
servations (e.g. research results, known successes), overlays those with
the available geographical data layers, and identifies locations where
similar combinations of these geographical attributes are present
(Notenbaert et al., 2017). Threshold-based approaches generally define
ranges for the attributes in the different geographic data layers based on
likely adoptability of a specific intervention (Brandt et al., 2017).
Spatially delineated RDs still need to be complemented with household-
level information to match interventions to specific types of producers,
as significant heterogeneity exists in farming styles and objectives, re-
source endowments and farm types within a certain region (Giller et al.,
2011).
4.1.9. Integrated assessment models
A wide range of integrated assessment models have been used for
prioritisation.One example is the International Model for Policy
Analysis of Agricultural Commodities and Trade (IMPACT) model, a
global, partial equilibrium, multi-market, agriculture sector model,
with links to crop models and hydrology and water-use
models.Agricultural land use and land use change are modelled based
on historical trends and expert opinion on responses to agricultural
prices. Demand for food is simulated based on changes in income, po-
pulation, and prices.IMPACT is solved by finding equilibrium prices
that clear world markets, equating supply (cropped areas and yields for
crops and numbers and slaughtered carcass weight for livestock) and
demand in domestic and world markets for all commodities. Beyond
equilibrium measures of food availability, water use, and land use
change, IMPACT also estimates welfare measures such as supply of
nutrients, population at risk of hunger and numbers of undernourished
children in developing countries (Robinson et al., 2015).Other ex-
amples include the study of Havlík et al. (2011) looking at the global
land-use implications of first-and second-generation biofuel targets, and
the Australian National Outlook integrated assessment study of
Hatfield-Dodds et al. (2015). Such studies often make use of the Shared
Socio-economic Pathways (SSPs), a coherent set of descriptions of
plausible alternative evolutions of society at the global level (O'Neill
et al., 2017). Nelson et al. (2014) compared nine of the major in-
tegrated assessment models and highlighted the need for better un-
derstanding of the differences in key outputs from these models given
ostensibly the same or very similar input data.Although Ackerman et al.
(2009) caution against the use of integrated assessment models for in-
forming policy decisions, largely on the basis that their empirical and
philosophical assumptions may be untenable, there is a large literature
on the application of such models to the decision-making space, in-
cluding analysis of a broad range of research alternatives (see Table 1
for some examples). These methods are complex and may be time-
consuming to carry out.
4.1.10. Choice of approach
There are some examples of priority setting exercises that rely
wholly on one approach; Thornton et al. (2008) used a participatory
approach to prioritise research topics around livestock and climate
change, for instance. Even in that case, however, quantitative in-
formation from a wide variety of sources, including data previously
derived from spatial analysis and simulation methods, was used as
input to the process. In most situations, the various elements of the
framework will involve different tools and methods. Table 2 maps our
assessment of the general suitability of the tools and methods of Table 1
against the elements of the framework shown in Fig. 1. Table 2 shows
that different tools may be appropriate for different purposes, choice of
method depending not only on suitability but also on the time, re-
sources and skills available for any specific priority-setting study.
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4.2. Using the framework
Application of the framework outlined in section 3 above can assist
in setting priorities by ranking a range of alternatives based on their
potential impact as well as their effects on the pillars of CSA.It can help
the user think about the context-specific impacts of different interven-
tions, in relation to each intervention's current stage of development or
implementation and a range of metrics that evaluate the potential
contribution of the intervention to the CSA pillars and other metrics
related to environmental and social impacts beyond the farm gate. It
attempts to build in elements of monitoring, evaluation and learning
through the use of theory of change to postulate a specific impact
pathway for each intervention at the start of the research. During the
process, lessons can then be learned about both success and failure, and
adjustments made if appropriate. The framework encourages the user to
consider what the explicit enablers of uptake may be, in relation to the
returns on investment and the sequence of interventions and scaling
pathways that may be needed. Because research activities are described
in relation to temporal and spatial scales, it should be able to contribute
to program design and evaluation where sequences of activities are
required (i.e., specific activities may be dependent on the success of
other activities before they can be developed or deployed at scale).
Prior to the workshop in 2017 at which the framework was devel-
oped, participants were asked to contribute short case studies of their
own prioritisation activities. Six studies were contributed, and these are
summarised in Table 3 in relation to what was being prioritised, the
spatial and temporal scales of the work and its location, the methods
used in the analysis (using the same classification as in Table 1), and
current information gaps. More details can be found in the references
shown in Table 3. The various priority-setting activities cover several
types of study: identifying and prioritising the suitability of different
locations and situations in which a well-developed intervention (sup-
plemental irrigation) may be feasible; identifying specific crop traits
and where they may be utilised most effectively (maize and sweet po-
tato); identifying which combinations of different interventions are
climate smart in which situations; and identifying which future agri-
cultural system transitions may affect the three CSA pillars in specific
ways and in specific locations. Below, the application of the six stages of
the framework is briefly discussed in relation to these studies.
4.2.1. Identify system entry points and impact pathways
The system entry points for the six studies were quite different. The
farm-level costs and benefits of supplemental irrigation, for instance
(study 1), are well understood, but there are many challenges to
adoption at scale related to the enabling environment (Nangia and
Oweis, 2016). The prioritisation activity is thus concerned with iden-
tifying locations where supplemental irrigation will fit into the local
agricultural, economic and socio-cultural system. In the case of
drought-tolerant sweet potato (case 3), appropriate varieties for East
and southern Africa do not yet exist, so the priority setting here is
needed to help identify the specific traits that will lead to varieties that
can be adopted in particular environments. For case 5, system entry
points were identified through spatial and climate analysis that showed
strong differentiation of climate vulnerability within the cocoa belt of
West Africa, pointing to the need for spatially differentiated adaptation
alternatives (Schroth et al., 2016).
4.2.2. Define the spatial and temporal scales of the research
Several of the studies address the farm or district scale, in which
there may be several hundreds or thousands of households and com-
munities in locations that share specific characteristics related to cli-
mate variability (study 4) or vulnerability (study 5), for example. The
study on agricultural transitions (study 6) is global in scope and for-
ward-looking (and model-based) over several decades into the future.
Most of the other case studies have a medium-term outlook (3–10 years,
Table 3), with study 1 (supplemental irrigation) a much shorter timeTa
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horizon, within a specific growing season. The appropriate scales for
the research will depend in part on the stage of development of the
intervention, such as foresight, development, piloting and scaling up.
4.2.3. Which research questions, and how will they be addressed
The studies encompass different types of research and research
questions. These include prioritising locations of technology applic-
ability (study 1); technology design (studies 2 and 3), technology
identification and testing (studies 3, 4 and 5); and foresight work (study
6). The research outputs of study 6 are as yet quite far removed from
any policy-making arena, but in time the results could contribute to
actionable interventions. The other studies revolve around more im-
mediately actionable research outputs, such as lists of places to im-
plement specific technologies, new varieties with specific traits for
different locations, and bundles of interventions suited to different
circumstances, for example.
4.2.4. Estimate production, adaptation, mitigation research impacts
The studies demonstrate some of the ways in which production,
adaptation and mitigation impacts may be estimated. Most studies in-
volved cost-benefit analyses, in some cases along with simulation
modelling to take into account production and economic risk. For most
of the studies, there are as yet few or no estimates of the mitigation
impacts, although these could be developed. The exception is study 6,
one of whose focuses is the mitigation impact of broad-scale livestock
system transitions. Assessing the relationship between production,
adaptation and mitigation impacts is an important element of CSA
prioritisation. Many CSA interventions show synergies between them in
different circumstances, but there are others that exhibit trade-offs
(Rosenstock et al., 2016; Thornton et al., 2018b). At the same time,
different stakeholders may view (and weight) the relative importance of
the three pillars quite differently; smallholder farmers in lower-income
countries may see mitigation as a lower priority compared with
achieving productivity and adaptive capacity gains, for example.
4.2.5. Estimate other environmental and social impacts
In general, the case studies here do not address to any great extent
other environmental and social impacts of the interventions outlined.
Several of the studies identified information gaps as to the possible
effects of adoption at scale on different groups of target beneficiaries
and power relations at the community level, for example. Study 6 on
agricultural system transformations utilised models that are able to
estimate commodity price effects and impacts on poverty, for example,
although these results are not reported in Havlík et al. (2014) or Weindl
et al. (2015).
4.2.6. What will be needed to go from research output to impact
The studies address a variety of enablers and activities that would
be needed in moving from research outputs to impact on the ground.
For the breeding studies (numbers 2 and 3), for example, these include
the need for capacity development of different actors in national ex-
tension systems and the provision of appropriate incentives to involve
the private sector in strengthening national seed systems. For study 5,
the enablers include capacity development and policies to encourage
existing cocoa farmers to intensify production where this is feasible.
The factors that can facilitate uptake of CSA interventions will generally
depend upon the nature of the intervention and the impact pathway
envisaged. Identifying these facilitating factors, as well as the relative
weights to apply to the three pillars of CSA in relation to evaluating
possible trade-offs between them, may often depend on stakeholder
engagement and participatory methods.
The six studies and several other examples of interventions from the
literature are summarised in Table 4, with respect to the type of in-
tervention and the basic system entry point, the spatial and temporal
scale of the activity, the feasibility of the research, estimated impacts on
various metrics, and probability of success and the associated enablersTa
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Table 4
Different types of intervention and relation to the prioritisation framework in Fig. 1. Estimates taken from the references cited or authors' assessment. Examples in
light blue shading are from Table 3 and are referred to in Section 5.2.; Carter et al., 2014, Chowdary and Theodore, 2016, Grajales et al., 2015, Kaczan et al., 2013,
Kumar et al., 2011, Kumar et al., 2016a, Kumar et al., 2016b, Makate et al., 2016, Meinzen-Dick et al., 2017, Ojango et al., 2015, Ombogoh et al., 2018, Pathak et al.,
2009, Rao et al., 2016, Saxena, 2018, Seo, 2010, Singh et al., 2007, Swain, 2014, Tabo et al., 2011, Thierfelder et al., 2017, Venkateswarlu et al., 2012, Wajih, 2008
Type of CSA intervenon
1 Entry point
2 Spaal & temporal scale 3 Research 
feasibility
4 CSA metrics 5 Other metrics 6 Outputs to impact
Space Time Producvity 
(P)
Adaptaon 
(A)
Migaon 
(M)
Environ-
mental (E)
Social 
(S)
Likely 
impact
Enablers
Climate smart technologies
Farm ponds: Constructed on-farm 
rainwater harves!ng structures (RWHS) to 
capture runoff for reuse for irriga!on, stock 
water, etc. (Kumar et al., 2016a).
Plot, farm Short M + + +/- + +/- M Capacity to determine appropriate 
size and loca!on of the structures, 
efficient water use methods for 
high value crops, RWHS 
implemented as context specific 
integrated packages
Supplemental irriga!on: addi!on of small 
amounts of water to rainfed crops to 
improve and/or stabilize yields (Oweis and 
Hachum, 2012).
Plot, farm Short H + + u + +/- M Sustainable source of water, energy 
access (for a pressurized irriga!on 
system), suitable crop/cul!var
Conserva!on agriculture: reten!on of crop 
residues, minimum !llage and rota!ons 
including legumes (Kumar et al., 2011; 
Thierfelder et al., 2017).
Farm, 
community
Long L +/- +/- + + +/- H Local capacity building, cost 
effec!ve access to appropriate 
machines and implements
Crop diversifica!on: Using mul!ple crop 
types and varie!es to increase dietary 
diversity and resilience (Makate et al., 
2016).
Farm, 
community
Long L +/- + +/- + - M Access to inputs (e.g. seed) and 
market for diversified outputs
Agroforestry: Combina!on of perennial 
tree species with cropping (Kaczan et al., 
2013).
Farm, 
community
Long L +/- + + + +/- M Assured markets via long-term 
contracts with industry (for 
commercial perennial tree crops)
Climate-smart breeding: development of 
new or replacement varie!es adapted to 
future climates (Atlin et al., 2017).
Farm, 
community
Medium H + + +/- + +/- H Effec!ve seed and extension 
systems
Crop/animal improvement: Breeding for 
new and improved crops/animals (Beebe et 
al., 2013; Ojango et al., 2015).
Na!onal Long H + + +/- +/- +/- H Effec!ve research and extension 
systems, private sector involvement
Drought-tolerant crops: development of 
new crop varie!es that are high-yielding 
under current drought condi!ons (Andrade 
et al., 2017).
Farm, 
community
Medium H + + +/- + +/- H Effec!ve systems capable of 
providing adequate plan!ng 
material, and effec!ve extension 
and educa!on systems
Micro-dosing:   Applica!on of small 
amounts of inorganic fer!lizer with /
without organic inputs like farm yard 
manure or compost (Tabo et al., 2011).
Farm Short H + + +/- + +/- H Effec!ve farmer educa!on and 
extensions systems, effec!ve 
private sector linkages
In-situ moisture conserva!on: broad-bed 
& furrow systems, contour bunds, drainage 
and intercropping systems (Pathak et al., 
2009).
Farm, 
community
Short H + + +/- + +/- H Farm mechaniza!on op!ons 
available, farm credit
Integrated farming systems: farming 
systems with integrated enterprises
including livestock, perennials (Seo, 2010; 
Kumar et al., 2016b).
Farm, 
community
Long M + + + + u H Effec!ng farmer educa!on and 
extension systems, farm credit
Bundles of CSA op!ons: managing climate 
risk in highly variable environments (Kumar 
et al., 2018)
District Medium M + + +/- +/- +/- H Integra!on of many different 
stakeholders’ perspec!ves
Climate informaon services
Agro-meteorological informa!on: short-
term to seasonal climate forecasts released 
through radio, climate informa!on centers, 
con!ngency plans (Singh et al., 2007).
Community, 
district
Short M + + +/- +/- +/- H Effec!ve farmer and extension 
educa!on systems, weather 
informa!on well matched to 
farmers’ needs
Crop insurance: covering yield loss due to 
weather related calamity (Carter et al., 
2014).
Region, state Medium H +/- + u +/- +/- M Reliable and quick es!ma!on of 
crop losses
CSA packages for cocoa produc!on: Farmer 
innova!on for adap!ng to new climate risks 
in cocoa produc!on (Schroth et al., 2016).
Community, 
district
Medium H + + +/- +/- +/- M Op!ons matched to the produc!on 
risk by ecological zone, appropriate 
training materials, broad 
stakeholder engagement
Local level development plans
Village water budge!ng plans: collec!ve 
ac!on to help govern the use of scarce 
ground water resources (Meinzen-Dick et 
al., 2017).
Farm, 
community
Short L + + u + + H Community par!cipa!on, 
collabora!on based on capacity and 
trust
Crop planning and monitoring; collec!ve 
ac!on to manage community resources
(Grajales et al., 2015; Ombogoh et al., 
2018).
Sub-district, 
district
Short M + + u +/- + H Communal capacity development, 
access to financial resources and 
resource maps, mechanisms to 
spread risk
Local knowledge and instuons
Village seed banks: establishment and 
maintenance of village seed banks to deal 
with seasonal and extreme events (Wajih, 
2008).
Village Medium L +/- + u +/- +/- L Effec!ve farmer and extension 
agent educa!on ac!vi!es
(continued on next page)
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that are envisaged to contribute to this success. The impacts in Table 4
are presented as summary indicators only; a specific priority setting
exercise would involve more disaggregated information than is shown.
The different types of intervention shown in Table 4 are not com-
prehensive. Nevertheless, many of the activities shown tend to be clus-
tered in time and space, particularly in the short- to medium-term and at
relatively local scales (plot, farm and village).Many of the interventions
have actions that are designed to address immediate needs, and few are
implicitly coupled with larger-scale, longer-term strategies. Table 4,
along with the six case studies in Table 3, also highlight the numerous
gaps in information concerning particularly the mitigation and social
impacts of different interventions. The framework proposed above
should help the analyst to think about a more complete approach to
addressing the challenges surrounding both local, short-term im-
plementation of research outputs as well as longer-term research pro-
cesses. Both situations will greatly benefit from the development of well-
thought-out impact pathways and assumptions that can be monitored in
scaling out high-potential climate-smart interventions in space and time.
The metrics shown in Table 4 can be estimated based on the time,
tools, skills and data available.As shown in Table 1, the various
methods each have advantages and disadvantages, particularly relating
to time, complexity and data needs. Most evaluations will make use of
mixed methods or combinations of different tools, and likewise data
may be both quantitative where they exist and qualitative where they
do not.The framework described is amenable to being implemented as
an on-line tool, with links to several databases and to the CSA com-
pendium (Rosenstock et al., 2016) and CSA country profiles (https://
ccafs.cgiar.org/publications/csa-country-profiles), for example.
4.3. Challenges in using the framework
In common with priority setting in general, several challenges re-
main in implementing all the elements of the framework described
above. One challenge lies in evaluating the appropriateness of different
CSA practices and technologies in different situations, given the im-
portance of local context. It may not be straightforward to decide on the
minimum scale of analysis that will allow reasonable estimates of
adoption to be derived. For example, relatively simple spatial analysis
based on broad agro-ecological and market-related factors may be
adequate for estimating potential adoption rates of new crop varieties.
Estimating adoption rates of interventions that heavily modify the en-
terprises in a farming system, such as the addition of new crops or new
livestock species, on the other hand, may require much more detail if
meaningful estimates of adoption potential (and thus potential impact)
are to be derived. All cases of CSA prioritisation should have some es-
timate of impacts on the three pillars, to allow synergies and trade-offs
between them to be evaluated.
A second challenge concerns the level of accuracy in the tools and
analyses used that is needed to trigger investment and other decisions at
various scales (i.e., how much information, and of what quality, is
“adequate”). Watkiss (2015) identified several recent shifts in adaptation
planning and other decision-making spheres, including greater emphasis
on capacity building, “low-regret” options (alternatives that can be im-
plemented with some confidence regardless of the uncertainty con-
cerning future conditions), and addressing market, governance and
policy failures. These more “problem-orientated” approaches can help to
address this challenge to some extent, given that investment and policy
decisions will be made anyway, with or without relevant and available
evidence. On the other hand, there are inherent risks in priority setting
activity, including possible deficiencies and incompatibilities in the
methodological tool-kit used, which could lead to maladaptation
(Lonsdale et al., 2015).Where possible, identifying climate-resilient de-
velopment around no- or low-regret alternatives may be able to address
this issue, at least partially (Ignaciuk, 2015). The costs of even mild
maladaptation may be dwarfed by the costs of not doing any adaptation
(including not attempting any systematic prioritisation effort) at all.
A third challenge, which also besets all priority setting work, is that
of data. The situation, however, is much improved compared with even
Table 4 (continued)
Type of CSA interven!on
1 Entry point
2 Spa!al & temporal scale 3 Research 
feasibility
4 CSA metrics 5 Other metrics 6 Outputs to impact
Space Time Produc!vity 
(P)
Adapta!on 
(A)
Mi!ga!on 
(M)
Environ-
mental (E)
Social 
(S)
Likely 
impact
Enablers
Custom Hiring Centre–mechaniza!on:
Equipment available for hire to mechanize 
farm opera!ons (Venkateswarlu et al., 
2012)
Village Short + + u +/- + M Mul!ple models: community based, 
collec!ve business and individual 
entrepreneurship needed
Farmer producer organiza!ons / village 
climate risk management commi"ees:
Collec!ve ac!on to create and manage 
climate adapta!on and commercializa!on 
opportuni!es (Venkateswarlu et al., 2012)
Community Medium M + +/- u + + M Hand holding and credit support in 
the ini!al phases
State / na!onal policy interven!ons
Soil Health Cards: provision of soil tes!ng 
to all farmers for use in fer!lizer 
recommenda!ons (Chowdary and 
Theodore, 2016).
Na!onal Short H +/- +/- + + +/- L Effec!ve extension systems, use of 
digital tools such as mobile apps to 
enhance sustainability of use
Na!onal Crop Insurance Schemes: covering 
yield loss due to weather related calamity 
(Swain, 2014).
Region, state Medium H +/- + u +/- + M Reliable and quick es!ma!on of 
crop losses and aligning policies to 
promote climate smart prac!ces
Demand crea!on & value addi!on:
Enhancing value of climate resilient grains 
and legumes using novel products (Rao et 
al., 2016; Saxena, 2018).
Region, state Medium H +/- + u + + M Policy to promote their integra!on 
into public distribu!on system, 
public awareness building and 
educa!on
Agricultural system transi!ons: Shi#s in 
the loca!on of or produc!on from farming 
systems (Havlik et al., 2014; Weindl et al., 
2015).
Global Long M + + +/- +/- +/- L Region-specific understanding of 
impacts, costs and benefits of 
transi!ons for different 
stakeholders
Na!onal adapta!on and mi!ga!on 
planning: development and 
implementa!on of NDCs, NAPs and NAMAs
(Richards et al., 2015).
Na!onal Long M + + + + +/- M Finance, policy alignment and 
convergence
Time: short, 1–3 years; Medium, 3–10 years; Long,> 10 years.
Research feasibility: technical feasibility, cost of technology, inclusivity (smallholder, gender) and synergy with local or national plans and development programs.
Likely impact: the likely impact of the intervention in adapting to climate variability and change, both short-term events (such as individual drought) as well as long-
term (a changed climate). L= Low, M=Medium, H=High.
+ positive impact, − negative impact, −/+ context-specific impact; u largely unknown impact.
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10 years ago: there are many large, publicly-available data sets that are
available for a wide variety of variables of direct relevance to CSA.
Many of these make use of innovative approaches based on remote
sensing, citizen science and crowdsourcing, and big data mining ap-
proaches. Even so, there are still some fundamental gaps, particularly
around smallholder agriculture that make the evaluation of trade-offs a
persistent challenge. This is particularly the case with CSA; several of
the studies in Table 3 show that CSA is sometimes about bundles of
interventions rather than just one technology, and this adds to the
trade-off and data challenges.
5. Conclusions
In this paper we have presented a framework for priority setting of
CSA research interventions in space and time. We have reviewed the
major tools and methods that are available for priority setting, all of
which may be relevant in different situations when using the frame-
work. The studies presented have highlighted some of the challenges
surrounding CSA priority setting. We highlight several conclusions from
this work.
First, the importance of evaluation and analysis at multiple scales is
critical: viable CSA interventions need to provide benefits at different
spatial and temporal scales, for producers as well as consumers, at time
horizons that fit in with producers' and consumers' needs. Priority set-
ting that explicitly addresses both longer-term uncertainty as well as
shorter-term climatic variability is still comparatively rare, as is multi-
scale analysis that can address the potential impacts on different sta-
keholder groups. For priority setting to be most effective, information is
needed that addresses the costs and benefits of actions at the different
spatial and temporal scales that are relevant to all decision makers.
While in some cases there may be synergies between both scales and
CSA pillars, in others there will be trade-offs, and these need to be
appropriately quantified.
Second, priority setting of CSA research might best be seen as an
iterative process rather than a one-off activity. Evaluation in any situation
will be undertaken with respect to the time, skills and financial resources
available. But for CSA evaluation, learning cycles may be particularly
important, for helping to ensure that options are not dismissed too early in
the prioritisation process, and for avoiding lock-in to a limited set of
strategies or technologies that may turn out to be sub-optimal or mal-
adaptive over longer time scales. This is particularly relevant during im-
plementation cycles, when the assumptions underlying a project's theory of
change can be tested and either validated or discarded. This is not to
promote endless cycles of priority setting utilising increasingly nuanced or
sophisticated data and tools, but more to highlight the importance of
monitoring progress against envisaged outputs and outcomes so that mid-
course corrections can be made when needed.
Third, no one method is likely to be adequate in most situations; a
mixture of methods, integrated in different ways, will usually be needed
to deal with the special nature of CSA, where it is often packages of
interventions that are being evaluated. This relates not only to tech-
nology options but increasingly to the whole innovation process and
what the factors may be that can enable it. The current toolkit appears
to be weak in relation to the evaluation of social and institutional
metrics, and improved methods for evaluating these are needed that
can also be integrated appropriately with other economic and biophy-
sical metrics.
Agricultural research for development needs to step up to help meet
the Sustainable Development Goals associated with food production,
human nutrition, climate change and environmental protection in a
world with 9.7 billion people by 2050.A key part of addressing this
challenge will revolve around effective priority setting that can provide
information to help guide best-bet technology, policy and investment
action that leads to desired, long-term development outcomes while
meeting local, immediate needs for food security.A mix of strategies
and activities across space and time scales can help address these
immediate needs as well as build enabling conditions that can help
farmers, policy makers and other stakeholders respond to new chal-
lenges.
Acknowledgements
The authors thank Sravya Mamidanna, E K Patan, Martin Noponen,
Mustapha Dalaa, Patrick Adjewodah, Felix Schreyer, Richard Asare,
Laurence Jassogne, Mark Lundy, Jan Low, Keith Wiebe and Graham
Thiele for inputs to the paper. This work was implemented as part of the
CGIAR Research Program on Climate Change, Agriculture and Food
Security (CCAFS), which is carried out with support from CGIAR Fund
Donors and through bilateral funding agreements. For details please
visit https://ccafs.cgiar.org/donors. The views expressed in this docu-
ment cannot be taken to reflect the official opinions of these organi-
zations. PCW and MHe acknowledge support from the Belmont Forum /
FACCE-JPI funded DEVIL project (NE/M021327/1) via NSF award no.
1540195. We thank three reviewers for constructive comments on an
earlier version of the paper.
References
Ackerman, F., Decanio, S.J., Howarth, R.B., Sheeran, K., 2009. Limitations of integrated
assessment models of climate change. Clim. Chang. 95 (3), 297–315.
Aggarwal, P.K., Jarvis, A.J., Campbell, B.M., Zougmoré, R., Khatri-Chhetri, A.,
Vermeulen, S.J., Loboguerrero, A.M., Sebastian, L., Kinyangi, J., Bonilla-Findji, O.,
Radeny, M., Recha, J., Martinez-Baron, D., Ramirez-Villegas, J., Huyer, S., Thornton,
P.K., Wollenberg, L., Hansen, J., Alvarez, P., Aguilar, A., Arango, D., Patiño, V.,
Rivera, O., Ouedraogo, M., Yen, B.T., 2018. The climate-smart village approach:
framework of an integrative strategy for scaling up adaptation options in agriculture.
Ecol. Soc. 23 (1), 14. https://doi.org/10.5751/ES-09844-230114.
Alexandratos, N., Bruinsma, J., 2012. World Agriculture Towards 2030/2050: The 2012
Revision. ESA Working Paper no. 12-03 Food and Agriculture Organization of the
United Nations.
Almansa, C., Martínez-Paz, J.M., 2011. What weight should be assigned to future en-
vironmental impacts? A probabilistic cost benefit analysis using recent advances on
discounting. Sci. Total Environ. 409 (7), 1305–1314.
Alston, J.M., Norton, G.W., Pardey, P.G., 1995. Science Under Scarcity. Cornell University
Press, Ithaca, NY (585 pp.).
Andrade, M.I., Makunde, G.S., Ricardo, J., Menomussanga, J., Alvaro, A., Gruneberg,
W.J., 2017. Survival of sweetpotato (Ipomoea batatas [L] Lam) vines in cultivars
subjected to long dry spells after the growing season in Mozambique. Open Agricult.
2 (1), 58. https://doi.org/10.1515/opag-2017-0006.
Antle, J.M., Capalbo, S.M., 2001. Econometric-process models for integrated assessment
of agricultural production systems. Am. J. Agric. Econ. 83, 389–401.
Atlin, G.N., Cairns, J.E., Das, B., 2017. Rapid breeding and varietal replacement are
critical to adaption of developing-world cropping systems to climate change. Global
Food Secur. 12, 31–37.
Barnaud, C., Van Paassen, A., 2013. Equity, power games, and legitimacy: dilemmas of
participatory natural resource management. Ecol. Soc. 18 (2).
Beebe, S.E., Rao, I.M., Blair, M.W., Acosta-Gallegos, J.A., 2013. Phenotyping common
beans for adaptation to drought. Front. Physiol. 4, 35. https://doi.org/10.3389/
fphys.2013.00035.
Bell, P., Namoi, N., Lamanna, C., Corner-Dollof, C., Girvetz, E., Thierfelder, C.,
Rosenstock, T.S., 2018. A Practical Guide to Climate-Smart Agricultural Technologies
in Africa. CCAFS Working Paper No. 224. Wageningen, the Netherlands.
Borgomeo, E., Mortazavi-Naeini, M., Hall, J.W., O'Sullivan, M.J., Watson, T., 2016.
Trading-off tolerable risk with climate change adaptation costs in water supply sys-
tems. Water Resour. Res. 52, 622–643.
Braimoh, A., Emenanjo, I., Rawlins, M.A., Heumesser, C., Zhao, Y., 2016. Climate-Smart
Agriculture Indicators. World Bank, Washington DC.
Brandt, P., Kvakić, M., Butterbach-Bahl, K., Rufino, M.C., 2017. How to target climate-
smart agriculture? Concept and application of the consensus-driven decision support
framework “targetCSA”. Agric. Syst. 151, 234–245.
Brockwell, S.E., Gordon, I.R., 2001. A comparison of statistical methods for meta-analysis.
Stat. Med. 20, 825–840.
Carter, M.R., 1984. Identification of the inverse relationship between farm size and
productivity: an empirical analysis of peasant agricultural production. Oxf. Econ.
Pap. 36 (1), 131–145.
Carter, M.R., Cheng, L., Sarris, A., 2014. Where and How Index Insurance Can Boost the
Adoption of Improved Agricultural Technologies. University of California at Davis
Online at. http://basis.ucdavis.edu/wp-content/uploads/2014/09/.
Challinor, A.J., Watson, J., Lobell, D.B., Howden, S.M., Smith, D.R., Chhetri, N., 2014. A
meta-analysis of crop yield under climate change and adaptation. Nat. Clim. Chang.
4, 287–291.
Chamberlin, J., Pender, J., Yu, B., 2006. Development domains for Ethiopia: capturing the
geographical context of smallholder development options. In: Development Strategy
and Governance Division Discussion Paper. International Food Policy Research
Institute, Washington DC.
P.K. Thornton et al. Agricultural Systems 167 (2018) 161–175
172
Chandra, A., McNamara, K.E., Dargusch, P., 2017. The relevance of political ecology
perspectives for smallholder climate-smart agriculture: a review. J. Polit. Ecol. 24 (1),
821–842.
Chaudhary, A., Gustafson, D., Mathys, A., 2018. Multi-indicator sustainability assessment
of global food systems. Nat. Commun. 9. https://doi.org/10.1038/s41467-018-
03308-7.
Chikowo, R., Corbeels, M., Tittonell, P., Vanlauwe, B., Whitbread, A., Giller, K.E., 2008.
Aggregating field-scale knowledge into farm-scale models of african smallholder
systems: summary functions to simulate crop production using APSIM. Agric. Syst. 97
(3), 151–166.
Chowdary, K.R., Theodore, R.K., 2016. Soil health card adoption behaviour among
beneficiaries of Bhoochetana project in Andhra Pradesh. J. Extens. Edu. 28 (1),
5588–5597.
Claessens, L., Antle, J.M., Stoorvogel, J.J., Valdivia, R.O., Thornton, P.K., Herrero, M.,
2012. A method for evaluating climate change adaptation strategies for small-scale
farmers using survey, experimental and modeled data. Agric. Syst. 111, 85–95.
Corbeels, M., Sakyi, R.K., Kühne, R.F., Whitbread, A., 2014. Meta-analysis of crop re-
sponses to conservation agriculture in sub-Saharan Africa. In: CCAFS Report No. 12.
CGIAR Research Program on Climate Change, Agriculture and Food Security
(CCAFS), Copenhagen Available online at: www.ccafs.cgiar.org.
van den Bergh, J.C.J.M., 2004. Optimal climate policy is a utopia: from quantitative to
qualitative cost-benefit analysis. Ecol. Econ. 48, 385–393.
Douthwaite, B., Kuby, T., van de Fliert, E., Schulz, S., 2003. Impact pathway evaluation:
an approach for achieving and attributing impact in complex systems. Agric. Syst. 78
(2), 243–265.
Dunnett, A., Shirsath, P.B., Aggarwal, P.K., Thornton, P.K., Joshi, P.K., Pal, B., Khatri-
Chhetri, A., Ghosh, J., 2018. Multi-objective land use allocation modelling for
prioritizing climate-smart agricultural interventions. Ecol. Model. 381, 23–35.
Duong, M.T., Simelton, E., Le, V.H., 2016. Participatory identification of climate-smart
agriculture priorities. In: CCAFS Working Paper No. 175. Copenhagen, Denmark.
Dzotsi, K.A., Basso, B., Jones, J.W., 2013. Development, uncertainty and sensitivity
analysis of the simple salus crop model in dssat. Ecol. Model. 260, 62–76.
Elbasha, E.H., Thornton, P.K., Tarawali, G., 1999. An ex-post economic impact assessment
of fodder banks in West Africa. In: ILRI Impact Assessment Series Number 2.
International Livestock Research Institute, Nairobi, Kenya.
FAO, 2013. Climate-Smart Agriculture Source Book. FAO, Rome, Italy.
FAO, 2017. Tracking Adaptation in Agricultural Sectors. FAO, Rome, Italy.
Farrow, A., Busingye, L., Bazenge, P., 2007. Characterisation of Mandate Areas for the
Consortium for Improved Agriculture-based Livelihoods in Central Africa (CIALCA).
CIAT, Kampala, Uganda.
Garnett, T., Appleby, M.C., Balmford, A., Bateman, I.J., Benton, T.G., Bloomer, P.,
Burlingame, B., Dawkins, M., Dolan, L., Fraser, D., Herrero, M., Smith, P., Thornton,
P.K., Toulmin, C., Vermeulen, S.J., Godfray, H.C.J., 2013. Sustainable Intensification
in agriculture; navigating a course through competing priorities. Science 341, 33–34.
Gijsbers, G., Janssen, W., Hambly Odame, H., Meijerink, G., 2001. Planning Agricultural
Research: A Sourcebook. CABI, Wallingford.
Giller, K.E., Tittonell, P., Rufino, M.C., Van Wijk, M.T., Zingore, S., Mapfumo, P., Adjei-
Nsiah, S., Herrero, M., Chikowo, R., Corbeels, M., Rowe, E.C., 2011. Communicating
complexity: Integrated assessment of trade-offs concerning soil fertility management
within African farming systems to support innovation and development. Agric. Syst.
104, 191–203.
Goudou, D., Gué-Traoré, J., Ouédraogo, M., Segda, Z., Badiane Ndour, N.Y., Sall, M.,
Gueye, F., Sissoko, K., Zougmoré, R., Moussa, A.S., 2012. Village Baseline Study: Site
Analysis Report for Kaffrine, Senegal. CCAFS, Copenhagen, Denmark. http://hdl.
handle.net/10568/25194.
Grajales, D.F.P., Mejia, F., Mosquera, G.J.A., Piedrahita, C.L., Basurto, C., 2015. Crop-
Planning, Making Smarter Agriculture With Climate Data. https://doi.org/10.1109/
Agro-Geoinformatics.2015.7248124.
Groot, J.C.J., Oomen, G.J.M., Rossing, W.A.H., 2012. Multi-objective optimization and
design of farming systems. Agric. Syst. 110, 63–77.
Guijt, I., 1998. Participatory monitoring and impact assessment of sustainable agriculture
initiatives: an introduction to the key elements. In: No. 1. IIED, London.
Hareau, G., Kleinwechter, U., Pradel, W., Suarez, V., Okello, J., Vikraman, S., 2014.
Strategic Assessment of Research Priorities for Sweetpotato. Lima (Peru). CGIAR
Research Program on Roots, Tubers and Bananas (RTB). RTB Working Paper 2014-9.
Hatfield-Dodds, S., Adams, P.D., Brinsmead, T.S., Bryan, B.A., Chiew, F.H.S., Finnigan,
J.J., Graham, P.W., Grundy, M.J., Harwood, T., McCallum, R., McKellar, L.E., Newth,
D., Nolan, M., Schandl, H., Wonhas, A., 2015. Australian National Outlook 2015:
Economic Activity, Resource Use, Environmental Performance and Living Standards,
1970–2050. CSIRO, Canberra.
Havlík, P., Schneider, U.A., Schmid, E., Böttcher, H., Fritz, S., Skalský, R., Aoki, K., Cara,
S.D., Kindermann, G., Kraxner, F., Leduc, S., McCallum, I., Mosnier, A., Sauer, T.,
Obersteiner, M., 2011. Global land-use implications of first and second generation
biofuel targets. Energy Policy 39 (10), 5690e5702.
Havlík, P., Valin, H., Herrero, M., Obersteiner, M., Schmid, E., Rufino, M., Mosnier, A.,
Thornton, P.K., Böttcher, H., Conant, R.T., Frank, S., Fritz, S., Fuss, S., Kraxner, F.,
Notenbaert, A., 2014. Climate change mitigation through livestock system transi-
tions. PNAS 111 (10), 3709–3714.
Heady, E.O., Dillon, J.L., 1960. Agricultural Production Functions. Iowa State University
Press, Ames, Iowa.
Herrero, M., Fawcett, R., Dent, J., 1999. Bio-economic evaluation of dairy farm man-
agement scenarios using integrated simulation and multiple-criteria models. Agric.
Syst. 62, 169–188.
Herrero, M., Havlík, P., Valin, H., Notenbaert, A.M., Rufino, M., Thornton, P.K., Blummel,
M., Weiss, F., Obersteiner, M., 2013. Global livestock systems: biomass use, pro-
duction, feed efficiencies and greenhouse gas emissions. PNAS 110 (52),
20888–20893.
Herrero, M., Thornton, P.K., Power, B., Bogard, J., Remans, R., Fritz, S., Gerber, J.,
Nelson, G.C., See, L., Waha, K., Watson, R.A., West, P., Samberg, L., van de Steeg, J.,
Stephenson, E., van Wijk, M., Havlik, P., 2017. Farming and the geography of nu-
trient production for human consumption. Lancet Planet. Health 1, 33–42.
Hills, T., Pramova, E., Neufeldt, H., Ericksen, P., Thornton, P., Noble, A., Weight, E.,
Campbell, B., McCartney, M., 2015. A Monitoring Instrument for Resilience. CCAFS
Working Paper no. 96. Copenhagen, Denmark: CGIAR Research Program on Climate
Change. Agriculture and Food Security (CCAFS).
Holzkämper, A., Klein, T., Seppelt, R., Fuhrer, J., 2015. Assessing the propagation of
uncertainties in multi-objective optimization for agro-ecosystem adaptation to cli-
mate change. Environ. Model. Softw. 66, 27–35.
Holzworth, D.P., Huth, N.I., Devoil, P.G., Zurcher, E.J., Herrmann, N.I., McLean, G.,
Chenu, K., van Oosterom, E., Snow, V.O., Murphy, C., Moore, A.D., Brown, H.E.,
Whish, J.P.M., Verrall, S., Fainges, J., Bell, L.W., Peake, A.S., Poulton, P.L., Hochman,
Z., Thorburn, P.J., Gaydon, D.S., Dalgliesh, N.P., Rodriguez, D., Cox, H., Chapman, S.,
Doherty, A., Teixeira, E., Sharp, J., Cichota, R., Vogeler, I., Li, F.Y., Wang, E.,
Hammer, G.L., Robertson, M.J., Dimes, J., Whitbread, A.M., Hunt, J., van Rees, H.,
McClelland, T., Carberry, P.S., Hargreaves, J.N.G., MacLeod, N., McDonald, C.,
Harsdorf, J., Wedgwood, S., Keating, B.A., 2014. APSIM - evolution towards a new
generation of agricultural systems simulation. Environ. Model. Softw. 62, 327–350.
Hoogenboom, G., Porter, C.H., Shelia, V., Boote, K.J., Singh, U., White, J.W., Hunt, L.A.,
Ogoshi, R., Lizaso, J.I., Koo, J., Asseng, S., Singels, A., Moreno, L.P., Jones, J.W.,
2017. Decision Support System for Agrotechnology Transfer (DSSAT) Version 4.7
(https://DSSAT.net). DSSAT Foundation, Gainesville, Florida, USA.
Howitt, R.E., 1995. Positive mathematical programming. Am. J. Agric. Econ. 77 (2),
329–342.
Hunter, M.C., Smith, R.G., Schipanski, M.E., Atwood, L.W., Mortensen, D.A., 2017.
Agriculture in 2050: Recalibrating Targets for Sustainable Intensification. BioScience
Online.
Ignaciuk, A., 2015. Adapting agriculture to climate change: a role for public policies. In:
OECD Food, Agriculture & Fisheries Papers 85. OECD, Paris. https://doi.org/10.
1787/5js08hwvfnr4-en.
Jones, J.W., Antle, J.M., Basso, B., Boote, K.J., Conant, R.T., Foster, I., Godfray, H.C.J.,
Herrero, M., Howitt, R.E., Janssen, S., Keating, B.A., Munoz-Carpena, R., Porter, C.H.,
Rosenzweig, C., Wheeler, T.R., 2017. Brief history of agricultural systems modeling.
Agric. Syst. 155, 240–254.
Kaczan, D., Arslan, A., Lipper, L., 2013. Climate-smart agriculture? A review of current
practice of agroforestry and conservation agriculture in Malawi and Zambia. In: ESA
Working Paper 13–07. FAO.
Karlsson, L., Nightingale, A., Naess, L.O., Thompson, J., 2017. ‘Triple wins’ or ‘triple
faults’? Analysing policy discourses on climate-smart agriculture (CSA). In: CCAFS
Working Paper No. 197. CGIAR Research Program on Climate Change, Agriculture
and Food Security (CCAFS), Copenhagen, Denmark Available online at: www.ccafs.
cgiar.org.
Keating, B.A., Herrero, M., Carberry, P.S., Gardner, J., Cole, M.B., 2014. Food wedges:
Framing the global food demand and supply challenge towards 2050. Global Food
Secur. 3 (3), 125–132.
Khatri-Chhetri, A., Aggarwal, P.K., Joshi, P.K., Vyas, S., 2017. Farmers' prioritization of
climate-smart agriculture (CSA) technologies. Agric. Syst. 151, 184–191.
Komarek, A.M., Bell, L.W., Whish, J.P., Robertson, M.J., Bellotti, W.D., 2015. Whole-farm
economic, risk and resource-use trade-offs associated with integrating forages into
crop–livestock systems in western China. Agric. Syst. 133, 63–72.
Kristjanson, P.M., Swallow, B.M., Rowlands, G.J., Kruska, R.L., de Leeuw, P.N., 1999.
Measuring the costs of African animal trypanosomosis, the potential benefits of
control and returns to research. Agric. Syst. 59, 79–98.
Kumar, S., Sharma, K.L., Kareemulla, K., Chary, G.R., Ramarao, C.A., Rao, C.S.,
Venkateswarlu, B., 2011. Techno-economic feasibility of conservation agriculture in
rainfed agriculture. Curr. Sci. 101 (10), 1171–1181.
Kumar, S., Ramilan, T., Ramarao, C.A., Rao, C.S., Whitbread, A., 2016a. Farm level
rainwater harvesting across different agro climatic regions of India: assessing per-
formance and its determinants. Agric. Water Manag. 176, 55–66.
Kumar, S., Whitbread, A.M., Falk, T., 2016b. Pathways to Sustainable Intensification:
Participatory Designing of Adapted Farming System Innovations. Solutions. 3281-35.
ISSN 2154-0896. https://www.thesolutionsjournal.com/article/pathways-
sustainable-intensification-participatory-designing-adapted-farming-system-
innovations/.
Kumar, S., Sravya, M., Pramanik, S., DakshinaMurthy, K., Balaji Naik, B., Josily, S.,
Prestwich, D., Whitbread, A., 2017. Potential for enhancing farmer income in semi-
arid Telangana: a multi-model systems approach. In: Agricultural Econ Research
Association, NAARM, Hyderabad India 7–9 November 2017.
Kumar, S., Murthy, D.K., Gumma, M.K., Khan, E., Khatri-Chhetri, A., Aggarwal, P.K.,
Murthy, C.S.R., Chakravarthy, K., Whitbread, A., 2018. Towards climate-smart
agricultural policies and investments in Telangana. In: CCAFS Info Note. CGIAR
Research Program on Climate Change, Agriculture and Food Security, Telangana,
India. http://hdl.handle.net/10568/90627.
Lamanna, C., Ramirez-Villegas, J., van Wijk, M., Corner-Dolloff, C., Girvetz, E.,
Rosenstock, T., 2016. Evidence- and risk-based planning for food security under
climate change. In: CCAFS Info Note. Copenhagen, Denmark.
Lambin, E.F., Gibbs, H.K., Ferreira, L., Grau, R., Mayaux, P., Meyfroyidt, P., Morton, D.C.,
Rudel, T.K., Gasparri, I., Munger, J., 2013. Estimating the world's potentially avail-
able cropland using a bottom-up approach. Glob. Environ. Chang. 23, 892–901.
Leary, N.A., 1999. A framework for benefit-cost analysis of adaptation to climate change
and climate variability. Mitig. Adapt. Strateg. Glob. Chang. 4, 307–318.
Lipper, L., Thornton, P.K., Campbell, B., Baedeker, T., Braimoh, A., Bwalya, M., Caron, P.,
Cattaneo, A., Garrity, D., Henry, K., Hottle, R., Jackson, L., Jarvis, A., Kossam, F.,
P.K. Thornton et al. Agricultural Systems 167 (2018) 161–175
173
Mann, W., McCarthy, N., Meybeck, A., Neufeldt, H., Remington, T., Sen, P.T., Sessa,
R., Shula, R., Tibu, A., Torquebiau, E.F., 2014. Climate smart agriculture for food
security. Nat. Clim. Chang. 4, 1068–1072.
Lisson, S., MacLeod, N., McDonald, C., Corfield, J., Pengelly, B., Wirajaswadi, L., Rahman,
R., Bahar, S., Padjung, R., Razak, N., Puspadi, K., Dahlanuddin, Sutaryono Y.,
Saenong, S., Panjaitan, T., Hadiawati, L., Ash, A., Brennan, L., 2010. A participatory,
farming systems approach to improving Bali cattle production in the smallholder
cropelivestock systems of Eastern Indonesia. Agric. Syst. 103 (7), 486–497.
Lonsdale, K., Pringle, P., Turner, B., 2015. Transformative adaptation: what it is, why it
matters and what is needed. In: UK Climate Impacts Programme. University of
Oxford, Oxford, UK.
Louhichi, K., Paloma, S.G., 2014. A farm household model for agri-food policy analysis in
developing countries: application to smallholder farmers in Sierra Leone. Food Policy
45, 1–13.
Makate, C., Wang, R., Makate, M., Mango, N., 2016. Crop diversification and livelihoods
of smallholder farmers in Zimbabwe: adaptive management for environmental
change. Springer Plus 5 (1), 1–18.
Masters, W.A., Djurfeldt, A.A., De Haan, C., Hazell, P., Jayne, T., Jirström, M., Reardon,
T., 2013. Urbanization and farm size in Asia and Africa: Implications for food security
and agricultural research. Global Food Secur. 2 (3), 156–165.
McCarthy, N., Lipper, L., Zilberman, D., 2018. Economics of Climate Smart Agriculture:
An Overview. Climate Smart Agriculture Springer, Cham, pp. 31–47.
Meinzen-Dick, R., Janssen, M.A., Kandikuppa, S., Chaturved, R., Rao, K.R., Theis, S.,
2017. Playing Games to Save Water: Collective Action Games for Groundwater
Management in India. CBIE Working Paper. http://cbie.asu.edu.
Mendelsohn, R., Nordhaus, W.D., Shaw, D., 1994. The impact of global warming on
agriculture: a Ricardian analysis. Am. Econ. Rev. 84, 753–771.
Monfreda, C., Ramankutty, N., Foley, J.A., 2008. Harvested Area and Yields of 175 Crops
(M3-307 Crops Data). http://www.earthstat.org/data-download/.
Montpellier Panel, 2013. Sustainable Intensification: A New Paradigm for African
Agriculture. www.ag4impact.org.
Moussa, B., Lowenberg-DeBoer, J., Fulton, J., Boys, K., 2011. The economic impact of
cowpea research in West and Central Africa: a regional impact assessment of im-
proved cowpea storage technologies. J. Stored Prod. Res. 47 (3), 147–156.
Mwongera, C., Shikuku, K.M., Twyman, J., Läderach, P., Ampaire, E., Van Asten, P.,
Twomlow, S., Winowiecki, L.A., 2017. Climate smart agriculture rapid appraisal
(CSA-RA): A tool for prioritizing context-specific climate smart agriculture technol-
ogies. Agric. Syst. 151, 192–203.
Nangia, V., Oweis, T., 2016. Supplemental irrigation – a promising climate-resilience
practice for sustainable dryland agriculture. In: Farooq, M., Siddique, K.H.M. (Eds.),
Innovations in Dryland Agriculture. Springer, Heidelberg, pp. 549–564.
Nelson, G.C., Mensbrugghe, D., Ahammad, H., Blanc, E., Calvin, K., Hasegawa, T., Havlik,
P., Heyhoe, E., Kyle, P., Lotze-Campen, H., Lampe, M., 2014. Agriculture and climate
change in global scenarios: why don't the models agree. Agric. Econ. 45, 85–101.
Nganga, S.K., Notenbaert, A., Mwungu, C.M., Mwongera, C., Girvetz, E., 2017. Cost and
benefit analysis for climate-smart soil practices in Western Kenya. In: Working Paper.
CIAT Publication No. 439. International Center for Tropical Agriculture (CIAT),
Kampala, Uganda 37 pp. Available at: http://hdl.handle.net/10568/82618.
Notenbaert, A., Herrero, M., De Groote, H., You, L., Gonzalez-Estrada, E., Blummel, M.,
2013. Identifying recommendation domains for targeting dual-purpose maize-based
interventions in crop-livestock systems in East Africa. Land Use Policy 30, 834–846.
Notenbaert, A., Pfeifer, C., Silvestri, S., Herrero, M., 2017. Targeting, out-scaling and
prioritising climate-smart interventions in agricultural systems: lessons from applying
a generic framework to the livestock sector in sub-Saharan Africa. Agric. Syst. 151,
153–162.
Ojango, J.M.K., Audho, J., Oyieng, E., Recha, J., Muigai, A., 2015. Sustainable small
ruminant breeding program for climate-smart villages in Kenya. In: CCAFS Working
Paper 127. CGIAR Research Program on Climate Change, Agriculture and Food
Security (CCAFS), Copenhagen, Denmark.
Ombogoh, D.B., Tanui, J., McMullin, S., Muriuki, J., Mowo, J., 2018. Enhancing adap-
tation to climate variability in the East African highlands: a case for fostering col-
lective action among smallholder farmers in Kenya and Uganda. Clim. Develop. 10
(1), 61–72.
O'Neill, B.C., Kriegler, E., Ebi, K.L., Kemp-Benedict, E., Riahi, K., Rothman, D.S., van
Ruijven, B.J., van Vuuren, D.P., Birkmann, J., Kok, K., Levy, M., 2017. The roads
ahead: narratives for shared socioeconomic pathways describing world futures in the
21st century. Glob. Environ. Chang. 42, 169–180.
Orr, J.B., Cowie, A.L., Castillo Sanchez, V.M., Chasek, P., Crossman, N.D., Erlwein, A.,
Louwagie, G., Maron, M., Metternicht, G.I., Minelli, S., Tengberg, A.E., Walter, S.,
Welton, S., 2017. Scientific Conceptual Framework for Land Degradation Neutrality.
United Nations Convention to Combat Desertification (UNCCD), Bonn, Germany A
Report of the Science-Policy Interface.
Oweis, T., Hachum, A., 2012. Supplemental irrigation, a highly efficient water-use
practice. ICARDA, Aleppo, Syria.
Pathak, P., Mishra, P.K., Rao, K.V., Wani, S.P., Sudi, R., 2009. Best-bet options on soil and
water conservation. In: Best-bet Options for Integrated Watershed Management,
Proceedings of the Comprehensive Assessment of Watershed Programs in India,
25–27 July 2007. ICRISAT Patancheru, Andhra Pradesh, India.
Porter, J.R., Xie, L., Challinor, A., Cochrane, K., Howden, M., Iqbal, M.M., Lobell, D.,
Travasso, M.I., 2014. Chapter 7: food security and food production systems. In:
Climate Change 2014: Impacts, Adaptation, and Vulnerability. CUP, Cambridge.
Purdon, M., Thornton, P., 2017. Bringing the state (back) in to climate change adaptation
and food security governance. In: Paper Presented at the 2017 Annual Meeting of the
American Political Science Association, 31 August–3 September 2017, San Francisco.
Raitzer, D. (Ed.), 2009. Prioritizing Agricultural Research for Development: Experiences
and Lessons. CABI, Wallingford.
Rao, B.D., Malleshi, N.G., George, A.A., Patil, J.V., 2016. Millets Value Chain for
Nutritional Security: A Replicable Success Model from India. CABI, UK.
Ricciardi, V., Ramankutty, N., Mehrabi, Z., Jarvis, L., Chookolingo, B., 2018. How much
of the world's food do smallholders produce? Global Food Secur. 17, 64–72.
Richards, M., Bruun, T.B., Campbell, B.M., Gregersen, L.E., Huyer, S., Kuntze, V., Madsen,
S.T., Oldvig, M.B., Vasileiou, I., 2015. How countries plan to address agricultural
adaptation and mitigation: an analysis of intended nationally determined contribu-
tions. In: CCAFS Info Note, ccafs.cgiar.org.
Robertson, J., Pannell, J., Chalak, M., 2012. Whole-farm models: a review of recent ap-
proaches. Austr. Farm Bus. Manag. J. 9 (2), 13.
Robinson, S., Mason-D'Croz, D., Islam, S., Sulser, T.B., Robertson, R., Zhu, T., Gueneau,
A., Pitois, G., Rosegrant, M., 2015. The International Model for Policy Analysis of
Agricultural Commodities and Trade (IMPACT): Model Description, Version 3. IFPRI
Discussion Paper 1483. IFPRI, Washington, DC. http://ebrary.ifpri.org/cdm/ref/
collection/p15738coll2/id/129825.
Rosegrant, M.W., Koo, J., Cenacchi, N., Ringler, C., Robertson, R., Fisher, M., Cox, C.,
Garret, K., Perez, N.D., Sabbagh, P., 2014. Food security in a world of natural re-
source scarcity: the role of agricultural technologies. International Food Policy
Research Institute, Washington D.C., USA.
Rosegrant, M.W., Sulser, T.B., Mason-D'Croz, D., Cenacchi, N., Nin-Pratt, A., Dunston, S.,
Zhu, S., Ringler, C., Wiebe, K., Robinson, S., Willenbockel, D., Xie, H., Kwon, He.Y.,
Johnson, T., Thomas, T.S., Wimmer, F., Schaldach, R., Nelson, G.C., Willaarts, B.,
2017. Quantitative Foresight Modeling to Inform the CGIAR Research Portfolio.
Project Report. International Food Policy Research Institute (IFPRI), Washington DC,
USA.
Rosenstock, T.S., Lamanna, C., Chesterman, S., Bell, P., Arslan, A., Richards, M., Rioux, J.,
Akinleye, A.O., Champalle, C., Cheng, Z., Corner-Dolloff, C., Dohn, J., English, W.,
Eyrich, A.S., Girvetz, E., Kerr, A., Lizarazo, M., Madalinska, A., McFatridge, S.,
Morris, K.S., Namoi, N., Poultouchidou, N., Ravina da Silva, M., Rayess, S., Strom, H.,
Trully, K.L., Zhou, W., 2016. The scientific basis of climate-smart agriculture: A
systematic review protocol. In: Working Paper No. 138. Copenhagen, Denmark.
Rosenzweig, C., Elliott, J., Deryng, D., Ruane, A.C., Müller, C., Arneth, A., Boote, K.J.,
Folberth, C., Glotter, M., Khabarov, N., Neumann, K., Piontek, F., Pugh, T.A.M.,
Schmid, E., Stehfest, E., Yang, H., Jones, J.W., 2014. Assessing agricultural risks of
climate change in the 21st century in a global gridded crop model intercomparison.
PNAS 111 (9), 3268–3273.
Rudi, N., Norton, G.W., Alwang, J., Asumugha, G., 2010. Economic impact analysis of
marker-assisted breeding for resistance to pests and post-harvest deterioration in
cassava. Afr. J. Agric. Resour. Econ 4, 110–122.
Rusinamhodzi, L., Corbeels, M., van Wijk, M.T., Rufino, M.C., Nyamangara, J., Giller,
K.E., 2011. A meta-analysis of long-term effects of conservation agriculture on maize
grain yield under rain-fed conditions. Agron. Sustain. Dev. 31, 657.
Sain, G., Loboguerrero, A.M., Corner-Dolloff, C., Lizarazo, M., Nowak, A., Martínez-
Barón, D., Andrieu, N., 2017. Costs and benefits of climate-smart agriculture: The
case of the Dry Corridor in Guatemala. Agric. Syst. 151, 163–173.
Salci, S., Jenkins, G.P., 2016. Incorporating risk and uncertainty in cost-benefit analysis.
In: Development Discussion Paper 2016-09, online at. https://ssrn.com/abstract=
2845560.
Saxena, A.J., 2018. Convenience foods: Foods of the future. Agricult. Extens. J. (AEXTJ)
1 (6).
Schlenker, W., Hanemann, W.M., Fisher, A.C., 2006. The impact of global warming on
U.S. agriculture: an econometric analysis of optimal growing conditions. Rev. Econ.
Stat. 88, 113–125.
Schroth, G., Läderach, P., Martinez-Valle, A.I., Bunn, C., Jassogne, L., 2016. Vulnerability
to climate change of cocoa in West Africa: patterns, opportunities and limits to
adaptation. Sci. Total Environ. 556, 231–241.
Searchinger, T.D., Estes, L., Thornton, P.K., Beringer, T., Notenbaert, A., Rubinstein, D.,
Heimlich, R., Licker, R., Herrero, M., 2015. High carbon and biodiversity costs from
converting Africa's wet savannas to cropland. Nat. Clim. Chang. 5, 481–486.
Seo, S.N., 2010. Is an integrated farm more resilient against climate change? A micro-
econometric analysis of portfolio diversification in African agriculture. Food Policy
35 (1), 32–40.
Shiferaw, B.A., Kebede, T.A., You, L., 2008. Technology adoption under seed access
constraints and the economic impacts of improved pigeonpea varieties in Tanzania.
Agric. Econ. 39, 309–323.
Shirsath, P.B., Aggarwal, P.K., Thornton, P.K., Dunnett, A., 2017. Prioritizing climate-
smart agricultural land use options at a regional scale. Agric. Syst. 151, 174–183.
Singh, K.K., Reddy, D.R., Kaushik, S., Rathore, L.S., Hansen, J., Sreenivas, G., 2007.
Application of seasonal climate forecasts for sustainable agricultural production in
Telangana subdivision of Andhra Pradesh, India. In: Climate Prediction and
Agriculture. Springer, Berlin, Heidelberg, pp. 111–127.
Stevanovic, M., Popp, A., Lotze-Campen, H., Dietrich, J.P., Muller, C., Bonsch, M.,
Schmitz, C., Bodirsky, B.L., Humpeno der, F., Weindl, I., 2016. The impact of high-
end climate change on agricultural welfare. Sci. Adv. 2 e1501452–e1501452.
Stöckle, C.O., Kemanian, A.R., Nelson, R.L., Adam, J.C., Sommer, R., Carlson, B., 2014.
Cropsyst model evolution: from field to regional to global scales and from research to
decision support systems. Environ. Model Softw. 62, 361–369.
Swain, M., 2014. Crop insurance for adaptation to climate change in India. In: Asia
Research Centre Working Paper 61. London School of Economics & Political Science,
London, UK.
Tabo, R., Bationo, A., Amadou, B., Marchal, D., Lompo, F., Gandah, M., Hassane, O.,
Diallo, M.K., Ndjeunga, J., Fatondji, D., Gerard, B., 2011. Fertilizer microdosing and
“warrantage” or inventory credit system to improve food security and farmers' in-
come in West Africa. In: Innovations as Key to the Green Revolution in Africa.
Springer, Dordrecht, pp. 113–121.
Tesfaye, K., Jaleta, M., Jena, P., Mutenje, M., 2015. Identifying potential recommendation
P.K. Thornton et al. Agricultural Systems 167 (2018) 161–175
174
domains for conservation agriculture in ethiopia, Kenya, and Malawi. Environ.
Manage. 55, 330–346.
Thierfelder, C., Chivenge, P., Mupangwa, W., Rosenstock, T.S., Lamanna, C., Eyre, J.X.,
2017. How climate-smart is conservation agriculture (CA)?–its potential to deliver on
adaptation, mitigation and productivity on smallholder farms in southern Africa.
Food Secur. 1–24.
Thornton, P.K., Kristjanson, P.M., Thorne, P.J., 2003. Measuring the potential impacts of
improved food-feed crops: methods for ex ante assessment. Field Crop Res. 84,
199–212.
Thornton, P.K., Notenbaert, A., van de Steeg, J., Herrero, M., 2008. The livestock-climate-
poverty nexus: A discussion paper on ILRI research in relation to climate change.
ILRI, Nairobi, Kenya 80 pp.. https://cgspace.cgiar.org/handle/10568/302.
Thornton, P.K., Kristjanson, P., Förch, W., Barahona, C., Cramer, L., Pradhan, S., 2018a. Is
agricultural adaptation to global change in low-income countries on track to meet the
future food production challenge? Glob. Environ. Chang. 52, 37–48.
Thornton, P.K., Rosenstock, T., Förch, W., Lamanna, C., Bell, P., Henderson, B., Herrero,
M., 2018b. A qualitative evaluation of CSA options in mixed crop-livestock systems in
developing countries. In: Lipper, L. (Ed.), Climate Smart Agriculture: Building
Resilience to Climate Change. Springer & FAO, pp. 385–423.
Tscharntke, T., Clough, Y., Wanger, T.C., Jackson, L., Motzke, I., Perfecto, I., Vandermeer,
J., Whitbread, A., 2012. Global food security, biodiversity conservation and the fu-
ture of agricultural intensification. Biol. Conserv. 151, 53–59.
Tubiello, F.N., Salvatore, M., Ferrara, A.F., House, J., Federici, S., Rossi, S., Biancalani, R.,
Condor Golec, R.D., Jacobs, H., Flammini, A., Prosperi, P., 2015. The contribution of
agriculture, forestry and other land use activities to global warming, 1990–2012.
Glob. Chang. Biol. 21 (7), 2655–2660.
United Nations, 2015. Transforming Our World: The 2030 Agenda for Sustainable
Development. United Nations General Assembly Resolution. Online at. https://
sustainabledevelopment.un.org/post2015/transformingourworld.
Venkateswarlu, B., Kumar, S., Dixit, S., Rao, S., Kokate, K.D., Singh, A.K., 2012.
Demonstration of Climate Resilient Technologies on Farmers' Fields Action Plan for
100 Vulnerable Districts. Central Research Institute for Dryland Agriculture,
Hyderabad 163 pp.
Vogel, I., 2012. ‘Theory of Change’ in international development. In: Review Report for
the UK Department of International Development.
Wajih, S.A., 2008. Adaptive agriculture in flood affected areas. LEISA Magaz. 24 (4),
24–25.
Wander, A.E., Magalhaes, M.C., Vedovoto, G.L., Martins, E.C., 2004. Using the economic
surplus method to assess economic impacts of new technologies: case studies of
EMBRAPA. In: Conference on International Agricultural Research for Development,
Deutscher Tropentag, Berlin, October 5–7, 2004.
Watkiss, P., 2015. A review of the economics of adaptation and climate-resilient devel-
opment. In: Centre for Climate Change Economics and Policy Working Paper 231.
Weindl, I., Lotze-Campen, H., Popp, A., Muller, C., Havlik, P., Herrero, M., Schmitz, C.,
Rolinski, S., 2015. Livestock in a changing climate: production system transitions as
an adaptation strategy for agriculture. Environ. Res. Lett. 10, 094021. https://doi.
org/10.1088/1748-9326/10/9/094021.
Williams, J.R., Jones, C.A., Kiniry, J.R., Spanel, D.A., 1989. The EPIC crop growth model.
Trans. ASAE 32 (2) 497-0511.
Wolf, F.M., 1984. Meta-analysis: quantitative methods for research synthesis.
Quantitative applications in the social sciences. SAGE Publications, London and New
Delhi.
Wreford, A., Ignaciuk, A., Gruère, G., 2017. Overcoming barriers to the adoption of cli-
mate-friendly practices in agriculture. In: OECD Food, Agriculture and Fisheries
Papers No. 101. OECD Publishing, Paris. https://doi.org/10.1787/97767de8-en.
You, L., Johnson, M., 2010. Exploring strategic priorities for regional agricultural R&D
investments in East and Central Africa. Agric. Econ. 41 (2), 177–190.
Zougmoré, R., Rutting, L., Sidibe, A., Ouedraogo, J., Zida, M., Rabdo, A., Ouedraogo, M.,
Balinga, M., Vervoort, J.M., Partey, S., Pale, R., Ouedraogo, M., Clarisse, Pouya,
Sondo, M.D., 2017. Formulation of a Robust National Rural Sector Program in
Burkina Faso: what new themes have emerged from the socio-economic and climate
scenarios process? In: CCAFS Info Note, . http://hdl.handle.net/10568/81141.
P.K. Thornton et al. Agricultural Systems 167 (2018) 161–175
175
